





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DMR	 -0.37(0.09)	 -35(9)	 <	0.001	
439(68)	 0.36	 0.5	 <	0.001	





DMR	 0.46(0.10)	 148(52)	 <	0.001	
-353(140)	 0.51	 0.52	 <	0.001	Live	Trees	ha-1	 0.47(0.10)	 0.6(0.13)	 <	0.001	





DMR	 -0.43(0.10)	 -1.9(0.43)	 <	0.001	
24.3(3.5)	 0.29	 0.51	 <	0.001	





DMR	 0.62(0.10)	 0.9(0.15)	 <	0.001	






DMR	 -0.4(0.10)	 -0.9(0.21)	 <	0.001	
26.2(1.5)	 0.49	 0.57	 <	0.001	





DMR	 0.01(0.14)	 16(279)	 1	
6833(1687)	 0.07	 0.07	 0.1	





DMR	 -0.33(0.12)	 -0.6(0.19)	 <	0.01	
15.9(1.5)	 0.18	 0.4	 0.001	























































DMR	 -0.22(.12)	 -0.1(0.07)	 0.07	
3.2(0.5)	 0.13	 0.24	 0.01	





DMR	 0.14(.11)	 0.2(0.13)	 0.2	
1(1)	 0.09	 0.33	 <	0.001	








































DMR	 -0.38(.10)	 -0.05(0.01)	 <	0.001	
0.64(0.1)	 0.32	 0.49	 <	0.001	





DMR	 -0.54(.12)	 -0.004(0.001)	 <	0.01	
0.04(0.008)	 0.27	 0.27	 <	0.01	
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1982	 4.36	 800	 10.7	 1407	 6.8	 2.1	
1983	 4.27	 303	 12.3	 428	 7.7	 3.6	
2015	 1.88	 4359	 4.4	 1213.8	 3.1	 1.2	
17.2	 20.8%	
1982	 5.00	 800	 14.2	 1540	 8.8	 3.4	
1983	 4.98	 634	 15.4	 1162	 9.2	 3.8	
2015	 3.41	 2430	 4.5	 6505.7	 3.4	 1.3	
18.1	 85.7%	
1982	 3.51	 713	 10.6	 3767	 10.6	 5.0	
1983	 4.29	 102	 18.1	 596	 14.5	 9.1	
2015	 0.13	 4073	 5.4	 145.5	 3.3	 1.1	
18.2	 60.7%	
1982	 3.59	 815	 8.8	 3083	 6.1	 1.4	
1983	 3.41	 320	 8.5	 873	 6.1	 1.9	
2015	 2.29	 3898	 5.2	 320.0	 3.4	 1.2	
38.1	 100.0%	
1982	 5.15	 1655	 9.8	 2673	 8.3	 1.5	
1983	 -	 -	 -	 -	 -	 -	
2015	 0.00	 13218	 4.2	 254.5	 3.8	 2.2	
38.2	 77.4%	
1982	 5.45	 1413	 8.8	 3520	 8.8	 3.2	
1983	 5.33	 320	 13.7	 907	 10.1	 3.4	
2015	 0.81	 10960	 4.1	 1066.7	 3.5	 2.0	
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Figure	6.	Simple	linear	regression	of	pre-fire	tree	density	on	current	tree	density.	Shaded	
region	represents	the	95%	confidence	interval.	
	
3.3.2	Surface	fuel	loading	
	 As	was	reported	in	Zimmerman	et	al.	(1990)	on	average	the	three	fires	consumed	
61%	of	coarse	woody	debris	(>	7.62cm)	and	58%	of	fine	woody	debris	(<7.62cm)	(Figure	
7).	These	reductions	in	fuel	loadings	were	not	sustained,	as	surface	fuel	loadings	have	
doubled	in	the	thirty-three	years	since	the	fires	(Figure	7).	This	doubling	in	surface	fuel	
was	driven	solely	by	a	substantial	increase	in	fine	fuels	(Bonferroni	p	=	0.011),	as	the	
loading	of	coarse	fuels	was	unchanged	(Bonferroni	p	=	1).		
When	current	total	surface	fuel	loading	is	compared	to	the	pre-fire	level	there	is	no	
significant	difference	detected	(Bonferroni	p	=	1).	However,	the	proportion	of	fuel	loading	
in	each	size	class	is	different	than	the	pre-fire	conditions.	There	has	been	an	increase	in	fine	
fuel	loading	from	1.85	kg/m2	pre-fire	to	4.41	kg/m2	(Figure	7),	however	due	to	the	small	
sample	size	and	large	variability	between	plots	this	difference	was	not	statistically	
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significant	(Bonferroni	p	=	0.19).	The	coarse	fuel	loading	has	not	changed	in	the	time	since	
fire,	and	has	remained	significantly	lower	than	pre-fire	levels	(Bonferroni	p	=	0.008).	
Though	coarse	fuel	loadings	have	not	changed,	they	were	strongly	predicted	by	the	number	
of	trees	killed	by	fire	in	each	plot	(p	<	0.001,	R2		=0	.956;	Figure	S1).		
	
Figure	7.	Surface	fuel	loading	through	time	divided	by	fuel	types.	Letters	represent	
significant	differences	between	time	periods	within	each	fuel	class.	Error	bars	are	+/-	one	
standard	deviation.	
	
3.3.3	Dwarf	mistletoe	population	
	 The	immediate	fire	effects	on	DMR	were	some	what	mixed	with	the	DMR	for	plots	
17.1,	17.2,	18.2,	and	38.2	relatively	unchanged,	the	DMR	for	plot	18.1	increasing,	and	DMR	
dropping	to	zero	for	plot	38.1	due	to	complete	mortality	(Table	3).	The	true	effect	of	the	
prescribed	fires	on	plot	level	DMR	can	be	seen	clearly	when	considering	the	current	DMRs,	
which	are	significantly	lower	than	pre-fire	levels	(p=	0.005).	While	all	DMRs	were	reduced,	
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of	particular	interest	is	the	significant	negative	relationship	between	percent	overstory	
mortality	and	current	DMR	(p=	0.002,	R2=	0.932;	Figure	8).		
	
	
Figure	8.	Relationship	between	fire	severity	(as	measured	by	overstory	mortality	one	year	
post-fire)	and	intensity	of	dwarf	mistletoe	infection	thirty	years	post	fire.	Grey	area	
represents	the	95%	confidence	interval.		
	
3.3.4	FVS	Simulation		
	 FVS	simulations	began	in	the	current	year	(2015)	and	continued	until	2215,	
representing	a	total	of	233	years	of	growth	since	the	prescribed	fires	in	1982.	These	
simulations	predict	that	stand	17	will	return	to	its	pre-fire	dwarf	mistletoe	infestation	level	
by	approximately	110	years	post	fire	(Figure	9),	which	is	roughly	the	same	age	the	stand	
was	at	the	time	of	fire.	By	2200	this	stand	reaches	an	extremely	high	DMR	of	5.8,	which	is	
approximately	25%	higher	than	pre-fire.	The	fire	in	stand	18	resulted	in	higher	mortality	
levels	than	stand	17,	and	FVS	simulations	predict	that	stand	level	DMR	will	not	return	to	
pre-fire	levels	until	the	stand	is	~170	years	in	age	(Figure	9).	Stand	38	sustained	the	
highest	severity	burn,	and	showed	persistent	dwarf	mistletoe	reduction	with	levels	
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remaining	below	pre-fire	levels	for	the	entirety	of	the	200	year	simulation,	reaching	a	
maximum	stand	level	DMR	of	2.95	by	the	year	2215	(44%	reduction	from	pre-fire;	Figure	
9).		
Stand	growth	was	compared	with	and	without	dwarf	mistletoe	impacts	to	evaluate	
the	relative	impact	of	dwarf	mistletoe	on	stand	development,	tree	growth,	and	volume	
accretion	(Figure	10).	By	the	end	of	the	200-year	simulation,	dwarf	mistletoe	related	
growth	impacts	were	substantial	for	stands	17	and	18	but	were	minor	in	stand	38.	After	
200	years,	the	simulations	predicted	basal	area	reductions	of	60.6%,	24.8%,	and	3.7%	for	
stands	17,	18,	and	38,	respectively.	The	high	levels	of	dwarf	mistletoe	in	stand	17	resulted	
in	stagnation	and	eventual	basal	area	decline	beginning	around	2135.	This	stand	was	
predicted	to	reach	a	maximum	basal	area	of	30	m2	ha-1	in	2135	before	declining	to	27	m2	
ha-1	by	the	end	of	the	simulation.	In	stand	18,	dwarf	mistletoe	related	stagnation	and	
decline	did	not	begin	until	2185,	achieving	a	maximum	basal	area	of	~52	m2/ha	in	2185	
before	beginning	to	decline.	Stand	38	continued	to	accumulate	basal	area	throughout	the	
simulation	reaching	a	maximum	basal	area	of	65	m2/ha,	but	appears	to	be	approaching	a	
maximum	by	the	end	of	the	simulation.	Overall,	the	impacts	to	stand	growth	in	stand	38	are	
relatively	minimal;	in	fact	basal	area	remains	within	1	percent	of	the	no	dwarf	mistletoe	
simulation	for	the	first	100	years	(133	years	post-fire).	It	is	self	evident	that	these	basal	
area	reductions	resulted	in	decreased	production	of	total	wood	volume.	The	simulations	
predicted	that	by	year	2215	dwarf	mistletoe	would	reduce	total	wood	volume	by	61%,	
27%,	and	5%	for	stands	17,	18,	and	38,	respectively.		
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Figure	9.	Stand	level	DMR	ratings	through	time.	Left	of	the	vertical	line	are	the	pre-fire	
(1982)	and	current	levels	(2015)	as	measured	in	the	field,	and	to	the	right	are	the	
simulated	DMR	levels	from	USFS	FVS.	
	
	
	
Figure	10.	Plots	showing	the	simulated	effect	of	dwarf	mistletoe	on	basal	area	and	volume	
accumulation	through	time.	These	plots	were	derived	from	FVS	simulation	results	with	the	
dwarf	mistletoe	extension	on	(Y)	and	with	it	deactivated	(N).	
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3.5	DISCUSSION	
	
	
3.5.1	Post-fire	Stand	Structure	
	
These	results	confirmed	lodgepole	pine’s	ability	to	regenerate	prolifically	following	
high	severity	fire,	as	the	measured	regeneration	densities	are	extremely	high,	resulting	in	
stands	that	are	far	denser	than	pre-fire	conditions.	The	results	also	showed	a	positive	
relationship	between	pre-fire	density	and	regeneration	density,	which	would	be	expected	
for	a	species	such	as	lodgepole	pine	that	has	a	large	canopy	seed	bank	in	the	form	of	
serotinous	cones	(Lotan	et	al.	1985).	Other	studies	in	post-fire	lodgepole	pine	forests	have	
shown	a	strong	relationship	between	the	amount	of	available	seed	in	the	canopy	seed	bank	
and	the	density	of	regeneration	following	a	high	severity	fire	event	(Tinker	et	al.	1994,	
Schoennagel	et	al.	2003).	The	amount	of	seed	in	the	canopy	seed	bank	is	related	to	factors	
including	percent	serotiny	and	live	tree	density.	There	were	insufficient	data	for	a	detailed	
comparison	of	serotiny	levels	across	stands,	but	pre-fire	serotiny	surveys	indicate	that	
percent	serotiny	was	generally	high	(>85%	of	trees	serotinous),	suggesting	that	live	tree	
density	would	be	expected	to	provide	a	reasonable	estimation	of	the	available	seed	bank	
(Zimmerman	1990).	
	
3.5.2	Surface	Fuel	Dynamics	
The	findings	with	regard	to	surface	fuel	loadings	were	somewhat	unexpected,	as	the	
amount	of	coarse	fuel	has	not	changed	in	the	thirty	years	since	the	fires.	This	lack	of	change	
in	coarse	woody	debris	is	surprising,	as	significant	inputs	from	falling	fire-killed	trees	
would	be	expected	based	upon	both	intuition	and	prevailing	theories	related	to	post-fire	
fuel	dynamics	(Keane	2015).	Decomposition	of	coarse	fuels	left	unconsumed	by	the	fire	
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cannot	explain	this	result,	as	decomposition	of	coarse	fuels	in	this	region	is	extremely	slow	
with	turnover	times	for	lodgepole	pine	logs	in	the	area	of	580	years	(Kueppers	2004).	It	is	
clear	that	there	must	have	been	inputs	to	surface	fuels	from	fire-killed	trees	as	very	few	
fire-killed	trees	remain	as	standing	snags.	Additionally,	the	detected	positive	relationship	
between	the	number	of	trees	killed	by	fire	and	current	thousand-hour	fuel	loading	
supports	that	idea	that	there	have	been	significant	inputs	from	fire	killed	trees	(Figure	S1).	
While	the	unchanged	coarse	woody	debris	loading	may	be	a	true	result,	it	is	more	likely	
that	the	mean	loadings	reported	in	the	original	surveys	overestimated	loadings	due	to	the	
high	error	rates	and	bias	associated	with	the	Brown’s	transect	sampling	method	that	was	
utilized	in	the	1982	and	1983	measurements	(Brown	1974),	as	compared	to	the	complete	
course	woody	debris	census	conducted	in	2015.		
	 In	contrast	to	coarse	fuel,	fine	fuels	have	increased	substantially	and	are	currently	
higher	than	both	pre	and	post-fire	loadings.	These	results	indicate	that	there	is	as	much	as	
twice	the	loading	of	fine	fuels	in	comparison	to	pre-fire	levels.	This	is	important	in	the	
context	of	fire	hazard,	as	fine	fuels	drive	fire	rate	of	spread	and	fireline	intensity	
(Rothermel	1972).	In	addition	to	high	fine	fuel	loads,	these	stands	are	currently	very	dense	
with	average	crown	base	heights	between	1	and	2	meters.	This	combination	of	factors	
suggests	there	is	substantial	risk	that	a	reburn	of	these	areas	would	result	in	an	active	
crown	fire	consuming	all	live	trees.	At	this	stage	in	development,	this	type	of	fire	could	be	
devastating	to	forest	cover	as	young	lodgepole	pine	typically	do	not	possess	serotinous	
cones	(Schoennagel	et.	al	2003)	and	there	are	limited	old	trees	remaining	on	site.	
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3.5.3	Current	Dwarf	Mistletoe	Population	
	 Overall,	this	case	study	supports	the	prevailing	ideas	related	to	the	interaction	
between	fire	severity	and	dwarf	mistletoe	populations,	while	providing	some	insight	into	
required	mortality	thresholds	to	achieve	long-term	dwarf	mistletoe	population	reductions	
and	improved	stand	productivity.	With	increased	fire	severity	there	is	a	very	sharp	decline	
in	both	the	stand	level	DMR	and	the	percent	of	trees	infected	by	dwarf	mistletoe	(Figure	8,	
Figure	S2).	This	result	is	not	entirely	surprising	in	light	of	the	life	cycle	and	obligate	nature	
of	dwarf	mistletoe,	but	the	study	does	serve	as	the	first	experimental	test	into	the	effects	of	
prescribed	crown	fires	on	dwarf	mistletoe	populations	and	infestation	intensity.	These	
results	confirm	that	prescribed	stand	replacing	fire	can	be	a	viable	method	of	regenerating	
a	stand	that	is	relatively	free	from	dwarf	mistletoe	infection,	assuming	that	adequate	levels	
of	mortality	are	achieved.	The	relationship	between	fire	severity	and	DMR	appears	to	be	
linear,	however	this	linear	relationship	may	break	down	at	very	low	mortality	levels.	It	is	
also	important	to	note	that	there	were	no	data	points	between	20.8%	and	60.7%	mortality,	
so	it	is	unclear	whether	the	relationship	would	remain	linear	across	that	severity	range.		
At	lower	overstory	morality	levels	(5%-15%)	a	fire	may	simply	have	the	effect	of	
thinning	the	stand	without	initiating	a	large	pulse	of	regeneration.	In	these	low	mortality	
situations	DMR	levels	may	be	temporarily	reduced,	but	in	the	long-term,	the	overall	dwarf	
mistletoe	population	will	either	be	unaffected	or	increased.	Research	focused	on	dwarf	
mistletoe	and	prescribed	surface	fires	in	ponderosa	pine	and	dry-mixed	conifer	forests	
have	shown	that	infected	trees	suffer	increased	levels	of	crown	scorch	and	mortality,	which	
results	in	net	reductions	to	the	dwarf	mistletoe	population	(Koonce	and	Roth	1980,	
Harrington	and	Hawksworth	1990,	Conklin	and	Armstrong	2001).	However,	this	control	is	
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short	lived	and	stands	may	return	to	pre-fire	levels	within	10	years	(Conklin	and	Geils	
2008).	Though	less	common	than	in	ponderosa	pine/dry-mixed	conifer,	surface	fires	have	
been	documented	as	part	of	the	natural	fire	regime	in	many	lodgepole	pine	dominated	
systems	(Arno	1980,	Barrett	et	al.	1991,	Amoroso	et	al.	2011,	Heyerdahl	et	al.	2014),	
including	the	present	study	site	(Zimmerman	and	Laven	1984).	It	is	unclear	whether	fire	
effects	in	these	systems	will	follow	patterns	seen	in	the	more	open	ponderosa	pine/dry-
mixed	conifer	forests.	More	research,	both	observational	and	experimental,	is	required	to	
more	fully	understand	how	low	severity	fires	(<	20	percent	overstory	mortality)	in	
lodgepole	pine	dominated	forests	will	influence	short	and	long-term	dwarf	mistletoe	
population	levels.	
	
3.5.4	Dwarf	mistletoe	intensification	and	impacts	to	stand	growth	
	 Based	on	the	FVS	simulations	of	the	overall	dwarf	mistletoe	population,	only	burn	
38	showed	a	substantial,	long-term	reduction	in	DMR	with	DMR	levels	remaining	below	
pre-fire	levels	for	the	duration	of	the	simulation.	Stand	18	showed	a	small	reduction	in	the	
overall	population	with	DMR	remaining	below	pre-fire	levels	for	approximately	170	years.	
Though	this	represents	a	net	reduction	in	the	overall	dwarf	mistletoe	population,	stand	18	
would	still	ultimately	reach	very	high	levels	of	infestation.	Stand	17	saw	no	effect	of	fire	on	
overall	dwarf	mistletoe	populations	as	the	DMR	is	predicted	to	return	to	pre-fire	levels	by	
the	time	that	this	stand	reaches	its	age	at	the	time	of	burning	(~110	years).	These	results	
suggest	that	dwarf	mistletoe	populations	will	only	be	substantially	reduced	in	high	severity	
fire	events	(>85%	mortality),	though	slightly	lower	mortality	rates	can	result	in	net	
reductions	to	the	dwarf	mistletoe	population.	
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	 It	is	important	to	note	that	a	major	limitation	to	the	DMIM	spread	model	is	that	fact	
that	it	is	nonspatial.	Dwarf	mistletoe	is	capable	of	dispersing	seeds	up	to	10	or	15	meters	
from	an	infected	tree,	however	most	seeds	will	land	much	closer	to	the	host	tree.	As	a	
result,	the	risk	of	infection	or	intensification	is	highly	associated	with	the	distance	to	other	
infected	trees.	The	logistic	regressions	that	predict	the	probability	of	DMR	change	were	
derived	from	a	study	in	even-aged	lodgepole	pine	stands	that	were	thinned	to	a	range	of	
tree	densities,	therefore	representing	the	simplest	possible	case	(Dooling	et	al.	1986).	More	
testing	and	evaluation	is	need	to	understand	how	well	this	model	will	predict	spread	in	
complex	stands	that	contain	high	levels	of	vertical	and	horizontal	heterogeneity	of	trees	
and/or	an	aggregated	pattern	of	infected	trees.	With	these	limitations	in	mind,	the	relative	
differences	in	spread	and	intensification	between	stands	in	this	study	would	be	expected	to	
be	the	same	and	therefore	the	simulated	results	are	still	valuable.	
In	terms	of	impacts	to	growth	and	productivity,	FVS	simulations	revealed	that	only	
at	the	highest	levels	of	overstory	mortality	were	dwarf	mistletoe	populations	reduced	to	
levels	that	would	not	have	strong	negative	impacts	on	the	post-fire	stand.	The	fires	on	
stands	17	and	18	resulted	in	41.5	and	73.2	percent	overstory	mortality,	respectively,	and	it	
was	clear	that	these	mortality	levels	were	not	high	enough	to	regenerate	stands	free	from	
the	damaging	effects	of	dwarf	mistletoe	infection.	However,	in	stand	38	the	mortality	rate	
was	88.7%	and	FVS	simulations	predict	that	basal	area	losses	due	to	dwarf	mistletoe	
infestation	will	be	minimal.	This	result	suggests	that	fires	in	highly	infected	lodgepole	pine	
stands	need	to	kill	about	85%	of	overstory	trees	to	achieve	sustained	reductions	to	the	
dwarf	mistletoe	population	and	create	stands	whose	growth	and	development	will	not	be	
significantly	impacted	by	dwarf	mistletoe.		
	 81	
As	previously	discussed,	studies	examining	dwarf	mistletoe	populations	at	large	
scales	have	shown	that	time	since	fire	is	the	single	largest	predictor	of	infection	severity,	
and	both	the	empirical	and	modeled	results	from	this	study	confirm	the	mechanism	behind	
these	findings	(dwarf	mistletoe	spread	from	fire	surviving	trees).	These	results	also	
provide	some	insight	into	the	mortality	rates	needed	to	achieve	sustained,	long-term	
reductions	in	the	overall	dwarf	mistletoe	population.	While	these	findings	support	the	
claim	made	by	many	researchers	that	100	percent	overstory	mortality	is	required	for	
complete	mistletoe	sanitation	(e.g.	Baranyay	and	Smith	1972,	Alexander	and	Hawksworth	
1975),	they	also	suggests	that	partial	overstory	mortality	can	reduce	populations	for	
ecologically	and	economically	significant	periods	of	time.	
	
3.6	MANAGEMENT	IMPLICATIONS	
The	original	goal	of	these	prescribed	burns	was	to	evaluate	whether	or	not	
prescribed	crown	fire	could	be	an	economically	viable	method	of	destroying	heavily	
infected	precommercial	stands	in	order	to	regenerate	an	uninfected	stand	for	timber	
production.	The	implementation	costs	discussed	in	Zimmerman	et	al.	(1990)	suggest	that	
prescribed	fire	may	be	a	cheaper	alternative	than	simply	clear-felling	a	stand	with	no	
commercial	value,	and	the	results	of	this	study	have	shown	that	fire	can	regenerate	
uninfested	or	lightly	infested	stands	if	adequate	mortality	is	achieved.	In	the	event	of	
inadequate	overstory	mortality,	mechanical	girdling	of	surviving	trees	immediately	post-
fire	could	be	used	to	prevent	them	from	infecting	new	regeneration.	Though	this	
combination	of	fire	and	post-fire	girdling	may	be	a	cheaper	alternative	to	precommercial	
clear-felling,	it	would	be	challenging	to	implement	in	most	cases	given	the	difficulty,	both	
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operationally	and	politically,	of	igniting	prescribed	fires	under	the	fuel	and	weather	
conditions	required	to	achieve	high	severity	crown	fire.	In	addition,	the	cost	per	unit	area	
for	these	prescribed	fires	was	very	low	due	to	extremely	limited	personnel	and	equipment	
on-site.	Current	public	awareness	and	concern	over	the	potential	for	prescribed	fires	to	
escape	would	likely	result	in	the	need	to	utilize	a	greater	number	of	resources	to	achieve	
the	same	result	as	the	fires	implemented	in	1982	by	Zimmerman	et	al.	(1990)	(Quinn-
Davidson	and	Varner	2012,	Ryan	et	al.	2013).	
	
3.7	CONCLUSION	
Overall	this	study	showed	that	prescribed	fire	is	a	viable	method	of	initiating	new	
stands	of	lodgepole	pine	free	from	the	damaging	effects	of	dwarf	mistletoe	infestation,	but	
these	results	also	have	implications	for	understanding	how	natural	wildfires	influence	
dwarf	mistletoe	populations	across	the	landscape.	Kipfmueller	and	Baker	(1998)	
conducted	a	landscape	analysis	of	dwarf	mistletoe	populations	and	wildfire	history	within	
the	Medicine	Bow	National	Forest	and	reported	that	dwarf	mistletoe	infestation	severity	
generally	increased	with	time	since	fire,	but	variability	was	quite	high.	They	indicated	that	
this	variability	was	the	result	of	the	survival	of	infected	trees,	but	they	made	no	attempt	to	
control	for	the	severity	of	a	particular	fire,	rather	plots	were	categorized	by	the	presence	of	
absence	of	tree	that	survived	the	previous	fire	event.	They	report	a	patchy	distribution	of	
infection	centers	across	the	landscape,	which	were	associated	with	plots	containing	trees	
that	survived	the	most	recent	fire	event.	As	wildfires	in	lodgepole	pine	forests	often	burn	in	
patchy,	heterogeneous	patterns	(Turner	et	al.	1994),	it	is	important	to	consider	the	percent	
wildfire	mortality	achieved	at	a	particular	location	in	order	to	fully	predict	how	the	dwarf	
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mistletoe	population	will	respond	to	a	specific	wildfire	event.	Results	from	this	study	
suggest	a	negative	linear	relationship	between	fire	severity	and	future	dwarf	mistletoe	
infestation	severity	and	could	be	used	to	predict	the	impact	to	the	dwarf	mistletoe	
population	as	a	result	of	a	wildfire	passing	through	a	highly	infested	area.	
Another	important	implication	of	these	results	is	that	increased	heterogeneity	of	fire	
effects	will	result	in	increased	heterogeneity	of	dwarf	mistletoe	populations	across	the	
landscape,	thereby	creating	a	complex	mosaic	of	infestation	severities	which	is	dictated	by	
landscape	patterns	of	wildfire	severity	and	pre-fire	dwarf	mistletoe.	Furthermore,	if	dwarf	
mistletoe	infestations	alter	wildfire	behavior	and	effects	there	may	be	feedback	loops	
across	multiple	fire	cycles.	For	example,	if	dwarf	mistletoe	increases	fire	severity,	then	
multiple	fire	cycles	will	tend	to	reduce	the	severity	of	a	particular	infestation	center	or	even	
completely	eliminate	it.		In	contrast,	if	dwarf	mistletoe	infestation	reduces	fire	severity	or	
increases	the	heterogeneity	in	fire	effects,	then	multiple	fire	cycles	will	tend	to	amplify	a	
particular	infestation	center.	As	lodgepole	pine	forests	are	not	generally	considered	to	be	
fuel	limited,	wildfire	severities	are	largely	controlled	by	local	weather	conditions	at	the	
time	of	burning	(Turner	et	al.	1994,	Bessie	and	Johnson	1995,	Buechling	and	Baker	2004),	
and	it	is	therefore	unlikely	that	responses	across	multiple	fire	cycles	will	be	as	consistent	
and	predictable	as	suggest	by	these	simplified	examples.	With	that	said,	the	results	of	this	
study	do	provide	a	clearer	picture	of	the	mechanisms	by	which	dwarf	mistletoe	
populations	are	controlled	at	landscape	scales	and	further	explain	the	highly	variable,	
patchy	nature	of	dwarf	mistletoe	infestation	within	this	forest	type.	
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APPENDIX	
	
	
	
	
Figure	S1.	Simple	linear	regression	of	number	of	trees	killed	per	hectare	on	current	loading	
of	thousand	hour	fuels.	Shaded	region	represents	the	95%	confidence	interval.	
	
	
	
	
Figure	S2.	Simple	linear	regression	of	fire	mortality	on	percent	of	trees	currently	infected	
with	dwarf	mistletoe.	Shaded	region	represents	the	95%	confidence	interval.	
